Epoxy shape memory foam (ESM) 
INTRODUCTION
Polyamide epoxy adduct is a product of the reversed ratio of polyamide -epoxy ratio, in which excess stoichiometric polyamide is used. This provides a flexible and three-dimensional crosslinked polymer. The increase in flexibility of the obtained polymer is due to the reduction of the crosslink density via the use of excess hardeners. Free polyamide molecules (primary amide) react with epoxy groups twice faster than the second functional amide groups left on the reacted polyamide molecules, because free polyamide molecule has more mobility and has less steric hindrance. The result of this reaction is the formation of less three dimensional network crosslinks and short polymer chains. Versamids is a type of polyamide hardener for epoxy, which has a long polymer chain and is produced from vegetable oil. It has been used as hardenerscum-flexibilisers for epoxy resin (Abu Bakar et al. 2009 ). It is believed that the reduction in crosslink density could allow the foaming process to occur better in the mixture and obtain homogeneous foam. Therefore, the polyamide -epoxy adduct was exploited in this project to produce a flexible foam.
Shape memory foam (SMF) has a capability to memorize its shape as well as recover to its original shape from external stimuli such as heat, light, pH and moisture (Santosh Kumar et al. 2012) . SMF has been used in many other applications such as in construction, electronics, textiles, transportation and medication (Zunaida et al. 2007) . In this study, shape memory property is aimed for the recovery ability to its original shape inflicted by causing an external mechanical deformation. It is different with permanently deformed in plastic or elastic recovering response. The shape recovery occurs in a period of time after releasing the applied load. In this way, the shape memory property could be related from the foam structure. Foam cell interconnection and porous cell wall are the main contribution factors to the shape memory property of polymeric foam. Aqueous preparation process is a suitable method to form these morphology features for epoxy foam. Water works as emulsion medium for polymer droplets when the emulsion system is stirred at high speed rotation. Moreover, water in this advanced aqueous method also acts as a pore template besides the use of blowing agent. It means that the water will be trapped inside the polymer's emulsion during homogenization and results the porosity in the polymer after cured (Lan et al. 2011) .
Sodium bicarbonate (NaHCO 3 ) is one of the most common and green blowing agent. It produces carbon dioxide (CO 2 ) and water (H 2 O) when heated as shown in (1) (Bakirtzis et al. 2009 ). In this investigation, ammonium chloride was also used to promote and accelerate the blowing process of sodium bicarbonate via (2) and (3). The foaming process of epoxy foam is relatively simple and economical (Alonso et al. 2006 ). (1) 
PREPARATIONS OF THE FOAM
The samples were prepared by mixing blowing agent into epoxy resin with appropriate content. The mixture was stirred for 2 min using overhead mechanical stirrer at the rotor speed of 300 rpm. Polyamide was added into the mixture with required proportion. The mixture was continuously stirred for another 2 min at 300 rpm. After that, distilled water was charged into the mixture and this was followed by increasing the speed of mechanical stirrer to 1200 rpm. Lastly, ammonium chloride was added and stirred at 600 rpm for another 2 min. The amount of ammonium chloride calculated base on the amount of sodium bicarbonate (Table 1) . The mixture was then casted into the mould with the dimension of 110 × 110 × 25 mm and cured at 80°C for 1 h. Then, the cured foam was taken out of the mould. The formulations of epoxy foams are shown in Table 1 .
LEACHING PROCESS
Reaction between sodium bicarbonate and ammonium chloride would produce sodium chloride. So, leaching process was needed in order to wash out the NaCl salt. The process started by immersing the foam into distilled water of 90 o C in a glass container placed inside a water bath for an hour. The leaching process has also functioned as a post-cure process for the epoxy SMF. After the leaching process, the samples were dried in the oven and ready for testing and characterization.
CHARACTERIZATION
Morphology Scanning electron microscopy (SEM) was used to study the morphology of the foam. SEM was done using model JEOL JFC 6460 LA. The sample was sputter coated by gold-palladium using a sputter coater (Polaron-SC7620) for 90 s to prevent surface charging.
Shape Memory Testing
The samples were cut into rectangular shape with dimension of 10 × 10 × 50 mm. They were twisted 180 o from its original shape and released immediately. The duration taken by the sample to transform back to its original shape was recorded as recovery time.
Flatwise Compression Compression strength was determined using ASTM C365 using Instron machine. The speed was 10 mm/min. The dimension used was 50 × 50 × 25 mm. The sample was compressed until 75% of compressive strain.
Compression Set The compression set was carried out according to ASTM D 3575 using two flat plates that parallel and fixed to each other by using clamps. The sample was compressed to 50% strain and kept between plates with a predetermined distance that can be adjusted using metal gaskets for 23 h at room temperature. The dimension used was 50 × 50 × 25 mm. The compression set value was calculated by the following equation:
where C d is compression set expressed as percentage of the original thickness, t o is the original thickness (mm) and t f is thickness of the specimen after the recorded recovery period (mm).
RESULT AND DISCUSSION FOAM MORPHOLOGY VIA SEM OBSERVATION
It can be seen from the foam morphology that high blowing agent content produced more porosity and more interconnection between neighbouring cells (Figure 1 ).
The foams are considered as open cell foams with large cell size and porous cell walls. Comparatively, ESM2 has smaller cell size and porous cell wall; while ESM3 and ESM4 possessed larger cell size and more cell interconnection. The interconnection between cells is lower in ESM4 compared with ESM3. This could be explained that the excess of blowing agent during foaming in ESM4 produced larger air pressure at early curing stage, when there were less of initial crosslink in epoxy-polyamide. Hence, the pores boundaries would coalesce to others resulting in big cell size with less pore and thin cell wall foam.
SHAPE MEMORY PROPERTIES
Reversed ratio used between epoxy and polyamide had produced polyamide-epoxy adduct which was flexible, soft and able to be twisted. The rectangular ESM foam was twisted and released as shown in Figure 2 (200×) characteristic. Total recovery was possible with the help of crosslinking network available in ESM. However, the porous cell wall caused the longer time for the foams to recover back to their original shape because of their porosity and interconnection between cells, which cause the elasticity characteristic more difficult to transfer within the sample. The internal shear stress was released first and the twisted deformation of the sample was reduced twisting until 90% from its original shape as shown in Figure 2 (e) and 2(f). The time taken for complete recovery was recorded as shown in Table 2 . So, it could be concluded that the long chain of polyamide between crosslink allowed the ESMs to be bent and deformed and low crosslink density helped the ESMs be able to recover; while the foam structure exhibited the shape memory property.
FLATWISE COMPRESSION PROPERTIES Figure 3 shows the compressive strength of ESM at 50% of compressive deformation. It was found that ESM1 exhibited the highest compression strength compared to these of others. This was expected because the low blowing agent content of 5 phr in ESM1 induced low porosity in the foam. It is well known that compressive strength and modulus decreases with increase in porosity (Hadi et al. 2011 ). In addition, more porosity on the foam cell wall could provide more inter-connection between foam cells, which can also produce more porosity on the cell wall. It can help in giving more space for more deformation between cells without deformation or breakage the foam cell and matrix. Thus, lower load will be applied to compress the ESM2 foam compared to ESM1. Nevertheless, having higher blowing agent content, EMS4 exhibited higher compression strength and modulus compared to ESM3. The reason could be due to the ESM4 had less cell interconnection compared to ESM3 as shown in Figure 1 (c) and 1(d). At higher 10 phr of blowing agent dosage, the gas decomposed was too much that the green crosslink matrix could not hold the excess expanding gas. More cells are coalesced and less homogeneous size, which was also observed in LDPE foam reported by Zunaida et al. (2007) . In contrast, the un-decomposed of excess blowing agent could also be a reason of increment in compression strength and modulus. These un-decomposed bowling agents would change their role to be as filler and stiffen the foam matrix. The assumption was also supported by the very similar compression stress before 50% strain of ESM3 (15 phr) and ESM4 (20 phr) but turned to be significant when the compression reached 75% strain and if compression modulus is taken into consideration as shown in Figure 4 and Table 2 . The compression curves started to increase gradually due to the in-contact of among cell wall throughout the foam (Lorna 2005) . The higher load required to compress ESM4 deflected at higher 50% strain could be an evidence of stiffer foam matrix reinforced by un-decomposed blowing agent. COMPRESSION SET Figure 5 shows similar effect of blowing content on compression set to compression results, wherein ESM2 (10 phr of blowing agent) exhibited the best compression set result, further increase in blowing agent caused poorer compression set of ESM3 and ESM4. The optimum foam structure of ESM2 such as high porosity, homogeneous cell size and porous cell wall showed significant result of 100% recovery. The advantage of foam structure of ESM2 was easily to be compressed. Table 3 shows that, it only required 0.28 MPa compression stress to compress the ESM2 to 50% strain, which is the compressive strain requirement in compression set test. It means there was a less arrangement and deformation in the ESM2 structure during compression set. It results no rupture occurred after compression set, and the foam is able to recover 100%. Due to high porosity, ESM3 and ESM4 cannot recovered fully because the cell wall easier to be cracked and crack-propagated and damaged.
CONCLUSION
Epoxy shape memory foam was successfully prepared using the proposed aqueous method. It was found that 10 phr was the optimum blowing agent content to produce a good shape memory foam, low compression and 100% recovery after compression set. Shape memory occurred through low level of crosslink density of polyamide-epoxy adduct and the characteristic of the foam cellular structure. Optimum interconnection between cell, porous cell wall and homogeneous cell size are the key points for shape memory and compression set properties.
